Evaluation of the almond shell oxypropylation process trough the surface response methodology by Pinto, J.A. et al.
  
 
 
Polymers, Environment & Sustainable Developments and 
Opportunities for the Coming Decade 
 
 
 
 
 
 
 
 
 
 
 
BOOK OF ABSTRACTS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Workshop 2017 
 
April 30th to May 3rd 
Albufeira, Algarve, Portugal 
 
 
 
  
O11 Promotion and implementation of bioenergy for a better environment: a mini review 
Abdeen Mustafa Omer 
O12 Development of biodegradable films and blends from wheat gluten and fish proteins 
Daiane Nogueira, Vilásia Guimarães Martins 
O13 Design of doum palm fibres biocomposites by rmx: evaluation of morphological, 
mechanical and microstructural performances 
M. Ragoubi, R. Zouari, M. Ben Abdeljawed, C. Terrié, A. Baffoun, S. Alix, N. Leblanc 
O14 Development of polymer-based printable devices 
J. Oliveira, B.F. Gonçalves, P. Costa, V. Correia, G. Botelho, S. Lanceros-Mendez 
O15 Electrospun magnetic silk fibroin composite for tissue engineering applications 
R. Brito-Pereira, S. Ribeiro, D. M. Correia, C. Ribeiro, G. Botelho, S. Lanceros-Mendez 
O16 Silica-containing aerogels for the emerging applications 
Maria Zielecka, Katarzyna Suwala, Elzbieta Bujnowska, Marek Panasiuk 
 
 
POSTER PRESENTATIONS 
P1 Elaboration and characterization of new nanocomposites based on cellulose nanofibers 
and copolymers containing fluorinated and nitrile derivatives 
A. Kadimi, H. Kaddamia, M. Raihanea, Z. Ounaies 
P2 Poly(3-hydroxybutyrate-co-3-hydroxyvalerate) and polylactide blends: an efficient way to 
modulate functional properties of materials 
Idris Zembouai, Mustapha Kaci, Stephane Bruzaud 
P3 Monitorization of hexanal as lipid oxidation indicator in a processed meat product 
packaged with poly(lactic acid)/clay nanocomposite films 
Fernanda Vilarinho, Giovanna Buonocore, M. Amelia Stanzione, M. Fátima Vaz, Ana 
Sanches Silva 
MoDeSt Workshop 2017 – Polymers, Environment & Sustainable Developments and Opportunities for the Coming Decade
9
  
P4 Thermogravimetric analysis of urea-succinic acid and urea-succinic acid-glycerol 
copolymers produced by mechanochemical reactions 
Eval O. Miranda Jr, Lucas B. Landim, Silvio D. Cunha, Elaine C. M. Cabral-Albuquerque 
and Rosana L. Fialho 
P5 Citronnella oil incorporated into polymeric nanoparticles produced by in situ 
polymerization 
Nathalia Freitas Freire, José Carlos Costa da Silva Pinto, Rosana Lopes Fialho and 
Elaine Cabral-Albuquerque 
P6 A promising approach for using controlled radical polymerization in the melt 
Arsénio de Sá, Isabel Moura, Verónique Bounor-Legaré, Ana V. Machado 
P7 Sustainable materials based on cellulose from food sector agro-wastes 
Isabel Moura, Tiago Côto, Arsénio de Sá, Ana Vera Machado 
P8 Effect of magnesium chloride introduction in hybrid swellable epdm rubbers 
Cláudia Peixoto, Arsénio Vasconcelos de Sá, Ana Vera Machado, Martin van Duin 
P9 Hybrid protein-polymer conjugates: synthesis and characterization 
Andreia Araújo, Bradley D. Olsen, Ana Vera Machado 
P10 Evaluation of the almond shell oxypropylation process trough the surface response 
methodology 
João A. Pinto, Miguel A. Prieto, Isabel C.F.R. Ferreira, Naceur Belgacem, Alírio E. 
Rodrigues, Maria-Filomena Barreiro 
P11 Kinetic study on peroxide crosslinking of EPDM/olefin TPVs 
N. Marques, M. van Duin, A.V. Machado 
 
  
MoDeSt Workshop 2017 – Polymers, Environment & Sustainable Developments and Opportunities for the Coming Decade
10
EVALUATION OF THE ALMOND SHELL OXYPROPYLATION PROCESS TROUGH 
THE SURFACE RESPONSE METHODOLOGY 
 
JOÃO A. PINTO1, MIGUEL A. PRIETO2, ISABEL C.F.R. FERREIRA3, NACEUR BELGACEM4, 
ALÍRIO E. RODRIGUES5, MARIA-FILOMENA BARREIRO6 
1LSRE-LCM, Polytechnic Institute of Bragança, Bragança, Portugal, jpinto@ipb.pt 
2CIMO, Polytechnic Institute of Bragança, Bragança, Portugal and Nutrition and Bromatology Group, 
FFST, University of Vigo, Ourense Campus, Ourense, Spain, michaelumangelum@gmail.com 
3CIMO, Polytechnic Institute of Bragança, Bragança, Portugal, iferreira@ipb.pt 
4Laboratoire de Génie des Procédés Papetiers (UMR 5518 - CNRS), Grenoble INP, Domaine Universitaire, 
St. Martin d'Hères, France, naceur.belgacem@pagora.grenoble-inp.fr 
5LSRE-LCM, Faculty of Engineering University of Porto, Porto, Portugal, arodrig@ipb.pt 
6LSRE-LCM, Polytechnic Institute of Bragança, Bragança, Portugal, barreiro@ipb.pt  
 
 
Keywords: almond shell, oxypropylation, polyols, surface response methodology (RMS) 
 
 
The efficiency of an oxypropylation process depends on several variables and operating conditions, which may not be 
generalized due to the diverse nature of subtracts. In lignocellulosic biomasses, the content of each fraction (lignin, 
cellulose and hemicellulose) can differ, as well as, the crystalline organization, which may limit reagents access to 
biomass. Also, the hydroxyl content can vary among biomasses; high values demand higher amounts of reactants, namely 
catalyst content, and more severe reaction conditions. Therefore, owing to biomass variability, selection of the operating 
conditions for oxypropylation and their optimization is a key issue. In this context, one-factor-at-a-time approaches are 
commonly used to optimize processes; but it is well-known that optimal operating conditions or interactions between 
variables cannot be predicted by this simplistic method. Both problems may be overcome by employing the response 
surface methodology (RSM). In fact, classical methods to optimize the process variables involve changing one variable 
at a time, keeping the others at fixed levels. This is a laborious and time-consuming method that often does not guarantee 
the determination of optimal conditions. On the other hand, carrying out experiments with every possible combination of 
the involved variables is impractical due to the large number of required trials.  
In this work, the RSM method was used to optimize the oxypropylation process of a lignocellulosic agro-industrial residue 
(almond shell). The chosen independent variables were the catalyst content (Cat, X1), expressed as % (w/w, AS-basis) 
and the almond shell to propylene oxide ratio (AS/PO ratio, X2), expressed in g/ml. The set point temperature was kept 
constant (160 ºC). The response variables were the hydroxyl index (OH index, Y1), expressed as mg KOH/g, the 
homopolymer content (HOMO, Y2) expressed as % (w/w, polyol-basis), the unreacted biomass (BIOMASS, Y3), 
expressed as % (w/w, biomass-basis) and the viscosity (µ, Y4), expressed as Pa.s (20 ºC). Polyol requirements were 
de!ned with respect to polyurethane foam preparation (OH index between 300 and 800 and viscosity below 300 Pa.s). 
Two different optimization approaches were performed: A1) the minimization of responses Y2 (HOMO) and Y3 
(BIOMASS), individually and jointly, and by controlling the restricted responses within the marginal values of Y1 (OH 
index) and Y4 (viscosity); and A2) the minimization of the responses Y2 (HOMO) and Y3 (BIOMASS) in a multivariable 
form to produce, jointly, the profiles of all the responses and variables and therefore, provide a global interpretation of 
the oxypropylation process. Both optimization approaches (A1 and A2) meet equivalent conclusions but the second one 
revealed to be more informative. In fact, for the evaluation of the oxypropylation process, the patterns of the restricted 
responses (OH index and viscosity) and variables (Cat and AS/PO) can be found for all the possible minimization 
solutions of the target responses (HOMO and BIOMASS), providing a much more global interpretation of the process. 
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